Mangoes are currently cultivated in plastic greenhouses in Japan. The main producing district comprises the subtropical areas of southwestern Japan including Okinawa, Kagoshima and Miyazaki. The annual production in Okinawa amounted to approximately 1460 tons in 1999, and output of fruit is likely to increase gradually. Among the mango cultivars cultured, 'Irwin' is most suitable for cultivation because of its early-ripening character, relatively good cold-resistance, good quality and easy determination of optimum harvesting time based on the degree of coloration of the fruit skin.
On the other hand, consumers tend to prefer mangoes other than 'Irwin.' To satisfy this demand, the cultivars 'Chiin Hwang No. 1,' 'Keitt,' 'Kent' and others have been cultured in greenhouses. Among these, 'Chiin Hwang No. 1,' which has a pulpy flesh, is important since the ripe fruit has a weight of approx. 1 kg, 20˚ Brix value of pulp juice, anthracnose resistance and a later harvesting season than 'Irwin. ' There have been a few physical and chemical studies of the growth, development, maturation and ripening of the Irwin cultivar (Ito et al., 1997; Ueda, et al., 1999; . However, to date there have been no such studies of 'Chiin Hwang No. 1.' This study was performed to examine the changes in physical, chemical and physiological properties closely related to fruit quality during maturation and ripening of 'Chiin Hwang No. 1, ' and to obtain indices for determining the optimum time for harvesting of this fruit. Variations in the activities of some enzymes related to the degradation of starch and pectins were also examined. Changes in the properties of this mango fruit were then compared with those in the 'Irwin' cultivar.
Materials and Methods
Plant material Seven-year-old 'Chiin Hwang No. 1' trees grown in a plastic greenhouse at the Yuasa Experimental Farm (lat. 34˚02¢ N. and long. 135˚12¢ E.) of Kinki University were used. The temperature and other environmental conditions in the greenhouse were controlled as described previously . Average greenhouse temperatures were as follows: in winter min. 5.8˚C (room) and 12.7˚C (soil), and in summer max. 42.5˚C (room) and 26.8˚C (soil). Annual changes in the temperature of the greenhouse as well as the average hours of sunshine in 1999 are shown in Table 1 . Fruits were harvested on August 5 and 18, and September 2, 1999. The harvesting times corresponded to approximately 13, 15 and 17 weeks after flowering (full bloom occurred from late April to early May). Only fruits free from defects and apparent infection, and comparable in size were used in the study. Samples of four to five fruits each were examined immediately after harvest.
The fruits harvested at approximately 13, 15 and 17 weeks after flowering were designated as Samples I, II and III, respectively.
Ripening treatment of the fruit Each fruit from Sample III E-mail: ueda@nara.kindai.ac.jp was wrapped in damp-proof paper (Kimtowel, Kimberly-Clark Corporation) and then stored at 25˚C and 58-84% RH for 12 days. Methods Measurement of fruit color Each fruit was cut horizontally into three equal parts; i.e. the stalk, equator and apex portions. The skin and flesh color of each portion was measured at 3 or 5 points using a spectro colorimeter (Nippon Denshoku Kogyo model NR-3000) and expressed as Hunter 'L, a, b' values.
Measurement of flesh firmness A portion of the skin was removed, and each of the three portions from the flesh was cut into cubes of 1 cm 3 . Breaking stress on the seed and skin sides of each cube was measured with a Rheoner (Yamaden, RE-33005). Three measurements were taken from each sample as described previously (Ueda et al., 1999) .
Measurement of respiratory rate CO 2 in the head space gas released from whole fruit in a closed vessel incubated for 1 h at 25˚C was analyzed by gas chromatography as described previously (Ueda et al., 1999) .
Determination of moisture Moisture was determined by drying whole fruit at 85˚C to a constant weight.
Measurements of total soluble solids content and pH The juice of each fruit was taken from the cut surface and collected in a test tube. The total soluble solids content of the juice was measured with a refractometer (Atago, NI), and pH of the juice was determined with a pH meter (Horiba, M-8E).
Determination of organic acid and free sugar The extract for the assay samples from the flesh of each fruit was prepared according to the procedure described previously (Ueda et al., 1999) . Analyses of organic acid and free sugar contents were carried out by high-performance liquid chromatography as reported (Ueda et al., 1999) .
Determination of AIS, starch and total pectin AIS (alcohol insoluble solid) was determined gravimetrically after the hot 80% alcohol insoluble solid, which was refined according to the standard method, was dried to a constant weight under reduced pressure (30 mmHg) at room temperature.
Starch was determined by extraction from AIS with cold 3 N perchloric acid, hydrolysis of the extract, estimation of the liberated reducing sugar using the Somogyi-Nelson method, and, finally, calculation of the value of the sugar of that starch.
Total pectin was calculated as anhydrogalacturonic acid after estimation of galacturonic acid liberated by mild acid hydrolysis from AIS by the carbazol-sulfuric acid method.
Estimation of enzyme activities related to degradation of polysaccharides
Preparation of acetone powder All procedures were carried out at 4˚C. The flesh (50 g) was homogenized with 10 volumes of cold acetone (Ϫ20˚C), the residue was collected by vacuum filtration, washed with 500 ml of cold acetone and 250 ml of cold ethylether, then dried in vacuo.
Estimation of ␣-and ␤-amylase activities The acetone powder (0.5 g) was suspended in 25 ml of 0.02 M phosphate buffer, pH 6.9, and stirred gently overnight at 4˚C. The extract was centrifuged at 10,000 ϫg for 15 min, and the supernatant was collected and used as the crude enzyme preparation to assay for amylase activity. ␣-Amylase (EC 3.2.1.1) activity was assayed according to a modification of the procedure of Kiribuchi and Nakamura (1973) . In this study, 1.0 ml of 2% limit dextrin (in 2 M acetate buffer, pH 4.7) and 4.0 ml of the crude enzyme solution were incubated at 30˚C. Samples of 0.5 ml of the reaction solution were taken at five-min intervals, added to 2.5 ml of 0.35 N sulfuric acid containing 0.0088% iodine-0.4% potassium iodate, and then diluted with 3 ml of water. The absorbance of the solution was measured at 575 nm. The amylase activity was calculated using the equation (log E 1 -log E)/t 2 -t 1 , and expressed per 100 g of flesh per min.
␤-Amylase (EC 3.2.1.2) activity was assayed according to a modification of the procedure of Yoshioka (1995) . The aqueous reaction mixture (total 4 ml) consisting of 1.0 ml of crude enzyme solution and 3.0 ml containing 10 mg of soluble starch in 0.016 M acetate buffer (pH 4.8) was incubated at 30˚C for 20 min with shaking. Aliquots of 600 l of the reaction mixture were kept for five minutes in boiling water with an equal volume of alkaline 3,5-dinitrosalicylic acid reagent. After cooling in running tap water, the absorbance of the reaction solution was measured at 570 nm. The enzyme activity was calculated in mol maltose formed per 100 g of flesh per min.
Estimation of polygalacturonase activity Polygalacturonase (pectinase) (EC 3.2.1.15) activity was determined by assaying reducing sugar liberated from polygalacturonic acid (Matsui & Kitagawa, 1989) . The reaction mixture consisted of 0.1 ml of crude enzyme solution, 0.1 ml of 1% polygalacturonic acid, and 2.0 ml of 0.2 M citrate buffer (pH 5.0) mixed thoroughly and incubated for 5 min at 45˚C. This mixture was neutralized with 4% sodium hydroxide, and the liberated reducing sugar was determined by the Somogyi-Nelson method. The enzyme activity was calculated in mol galacturonic acid formed per 100 g of flesh per min. Estimation of pectin esterase activity Pectin esterase (EC 3.1.1.11) activity was determined by assaying carboxyl group liberated from pectin (Inoue & Okada, 1969) . A mixture of 10 ml of 0.05 M acetate buffer containing 1% pectin and 1 ml of the crude enzyme solution was incubated at 40˚C for 30 min. The reaction solution was heated for 10 min in boiling water. After cooling, the solution was titrated with 0.002 N sodium hydroxide to pH 8.0. The enzyme activity was expressed as mmol of carboxyl group liberated from pectin substrate per 100 g flesh per h.
Results and Discussion
Growth patterns by weight and size The weight and size of each harvested fruit were measured immediately after selection. Table 2 shows the average weights and sizes of the fruit used for the assay. The average weight increased markedly, and both length and width increased gradually during maturation. These fruit growth patterns were nearly the same as those in tropical areas observed by Lakshminarayana (1973) and Tandon and Kalra (1983) .
Physical properties Surface color Hunter L, a and b values of the surface color of the stalk, equator and apex portions were similar in the fruits of various maturities, and no color change in the three portions occurred during maturation. These results indicated that the surface color of 'Chiin Hwang No. 1' remained practically unchanged during maturation, which is in marked contrast to that of 'Irwin' fruit . Therefore, the intensity of surface color in the mango fruit during maturation cannot be used as an index of fruit maturity or of optimal harvesting time.
The changes in surface color during ripening at 25˚C are shown in Fig. 1 . Although the L value of the three portions was nearly constant during ripening, the b and a values increased after 10 days in storage; the increase in b value in the three portions was particularly marked. Moreover, the value of the apex portion in the early stage of ripening was the lowest among the samples, but in the middle stage it became similar to those in the other two portions, and in the late stage the value exceeded the others. This change in Hunter b value agreed well with visual inspections (at the early stage of ripening, the external fruit color was green; at the late stage, it was light yellow).
Flesh color As shown in Table 3 , the L values of the three portions in Samples I, II and III were similar, while the Hunter a value of the three increased during maturation. No differences were observed in the color intensity among the three portions in any sample. However, the b value of each of the three portions increased gradually during maturation, and a marked increase was noted in the apex portion similarly to 'Irwin' fruit . These changes in Hunter color values were also in agreement with visual observations. The color of the flesh changed from light yellowish-green in Sample I to yellowishorange in Sample III. In contrast, the L value of flesh of each portion of Sample III decreased, and a and b values increased with ripening. The color developed to a more desirable internal color (orange) from yellowish-orange. The Hunter a and b values of the apex portion in the ripened fruit were higher than those of the stalk and equator portions. Table 2 was ripened at 25˚C and 58-84% RH. The changes in surface color in 'Chiin Hwang No. 1' cultivar differed from those of 'Irwin' variety with maturity, but the changes in flesh color during maturation and ripening were similar between the two cultivars.
Flesh firmness The firmness on the skin and seed sides of each cube sample prepared from the three portions was almost the same among fresh samples I to III, while the firmness of those from the ripened fruit was much lower. Also, the firmness on the skin side of all cube samples was considerably higher than that on the seed sides, especially at the apex portion. However, this difference disappeared in the ripened fruit in Sample III (Table 4) .
The firmness on the skin and seed sides of the ripened fruit were similar to those of 'Irwin' variety harvested 19 weeks after flowering . A lessening of flesh firmness as the fruit ripened was observed in low temperature storage in 'Amelie', 'Kent' and 'Sensation' by Seymour et al. (1990) .
Flesh firmness of the mango fruit might decrease at a late stage of maturation and during ripening in all cultivars.
Chemical properties Moisture content, pH and total soluble solids content Moisture content in Samples I, II and III was 81.00%, while that in the ripened fruit of Sample III was 78.64%. The pH value in the flesh was approximately 4.5 and there were no differences related to the degree of maturation or the portion of the fruit examined. However, the pH rose to 5.5 during ripening. The pH of ripened 'Chiin Hwang No. 1' fruit corresponded to the relatively high pH group among various ripe mango cultivars reported previously (Nagy & Shaw, 1980) . Figure 2 shows the changes in total soluble solids content estimated in Brix during maturation and ripening. The total soluble solids content in the three portions of Samples I and II was about 7-8˚ Brix and in Sample III was about 10˚ Brix. In the ripened fruit of Sample III, the value increased considerably reaching about 20˚ Brix. The marked increase in total soluble solids content in this cultivar during ripening closely resembled the increase pattern found in the mango fruits of cvs. 'Hoden', 'Irwin' and 'Kent' were harvested at a physiologically matured stage and ripened at 25˚C and 65-75% relative humidity for 12-14 days (Lakshminarayana, 1975) .
The increase in total soluble solids to about 20˚ Brix with rip- Sample numbers and condition of ripening are the same as described in Table 2 . Abbreviations and superscript in the table are the same as in Table 3 . Table 2 . Ripened indicates Sample III stored at 25˚C and 58-84% RH for 12 days.
ening of the fruit harvested 17 weeks after flowering suggested that the fruit had sufficiently matured for harvest.
Organic acid As shown in Fig. 3 , citric acid was more abundant than malic acid. The content of the former decreased gradually during maturation, while that of the latter increased. Decrease in citric acid content may have been caused by an increase in citrate lyase activity in the mango fruit during maturation and ripening as reported by Mattoo and Modi (1970) . The organic acid content was different among the three portions of all fruit samples examined, with the highest content found in the apex, the intermediate in the equator and the lowest level in the stalk. On the other hand, the citric acid content in the apex portion was markedly lower than those in the two other portions, and the difference in citric acid content among the portions disappeared almost completely in ripened fruit of Sample III. The decreases in total acid content corresponded with the rise in pH value in the ripened fruit. There was a clear correlation between the changes in acid content and pH value. Sugars Free sugars The main free sugars were glucose, fructose and sucrose in both ripe and unripe fruit from all samples (Fig. 4) . The fructose content was almost constant among all three portions examined as well as among degrees of maturity and ripening of the fruit, while the glucose content decreased slightly during maturation and ripening. On the other hand, the sucrose content in Sample III was approximately two to three fold higher in all portions as compared with that in Sample I. The sucrose content in ripened fruit was increased markedly to approximately five-six fold that in Sample III. The average of total free sugar content, which was about 6.3% in Sample III, increased to about 16.5% during ripening. Lakshminarayana (1975) reported that total sugar content in fruit harvested in a physiologically mature state was increased by about 2-3 fold with ripening in the three mango varieties. The free sugar contents determined in this experiment indicated that the fruit harvested 17 weeks after flowering attained suitable maturity for harvesting, corresponding to those of the ripened mangoes of various varieties reported by Nagy and Shaw (1980) . These results also indicated that 'Chiin Hwang No. 1' fruit was sufficiently ripened by storing at 25˚C and 58-84% relative humidity for 12 days.
The increase in contents of total soluble sugar and sucrose in the mangoes harvested 17 weeks after flowering suggested that polysaccharide catabolism may be set in connection with the decrease in polysaccharide contents, particularly starch, in the mango as described below. , Sample II; , Sample III; ᮀ, Ripened. Samples I, II and III and Ripened are the same as shown in Fig. 2.   Fig. 5 . Change of AIS, starch and total pectin content during maturation and ripening of 'Chiin Hwang No. 1' mango fruits. , AIS; ᭺, Starch; ᭹, Total pectin. Abbreviations I, II, III and R are the same as shown in Fig. 3 , respectively.
The ratios of Brix value/acid content in the equator portions of Samples I, II and III were 7.6, 9.5 and 11.8, respectively. Those in the stalk and apex portions were either higher or lower than that of the equator portion in each sample, and the ratios in ripened fruit were 28.9, 24.6 and 22.5 in the stalk, equator and apex portions, respectively. Thus, there were also some differences among the fruit portions in terms of the ratio of Brix value/acid content.
AIS, starch and pectin As shown in Fig. 5 , the contents of alcohol insoluble solid (AIS), starch and pectin varied during maturation and ripening, increasing with maturation and reaching the highest level in Sample II; the decrease in starch in the apex portion was prominent. Also, contents of these substances declined markedly with ripening except in the apex portion. The decrease in the starch content was particularly marked, i.e., in all portions of the fruit it decreased to about 15% relative to Sample III, and in others it was reduced to about 35-45%. These decreases with ripening seemed to be correlated with decreases in flesh firmness.
The variations in the contents of AIS, starch and pectins, particularly starch, in Samples I, II and III, were very similar with those determined during maturation of 'Dashehari' mango cultured in the open field in India (Tandon & Kalra, 1983 ) and also of 'Irwin' cultivated in a plastic greenhouse . The marked decreases in the contents of polysaccharides such as starch and pectins and flesh firmness, the gradual decrease in organic acid content, the increase in pH, and the marked increases in total soluble solids and sucrose contents during ripening observed in the present study were also seen in other mango varieties (Lakshminarayana, 1975; Nagy & Shaw, 1980; Medlicott et al. , 1986; Seymour et al. , 1990) . These suggest that the changes in physical and chemical properties during maturation and ripening are similar regardless of difference in fruit size, cultivar or culture conditions used.
Physiological properties Respiratory rate The respiratory rates of Samples I, II, and III were 56.44 Ϯ 0.34, 50.11 Ϯ 1.32 and 50.15 Ϯ 1.63 mg/kg и h, respectively, while that of the ripened fruit was 145.94 Ϯ 28.46 mg/kg и h. The rate in ripened fruit of Sample III was approximately three times that of Sample III just after harvest. This phenomenon closely resembles that of the change in respiratory rate in the fruit during the three-week period from 16 to 19 weeks after flowering reported for 'Irwin' . The rate of the ripened fruit was similar to that of ripened 'Irwin' (Ito et al. , 1997) .
Enzyme activities Amylase activity ␣ -and ␤ -Amylase activities in each sample and the ripened fruit are shown in Table 5 . These activities varied among the different portions of the fruit and harvesting times. The changes in ␣ -amylase activity during maturation were more similar to the results reported by Tandon and Kalra (1983) than to those reported by . The activity in the ripened fruit was lower than that in mature and unripened fruit. The results suggested a correlation between the enzyme activities and the starch content.
Polygalacturonase and pectin esterase activities Kitao (1994) described that the patterns of variation in the activities of polygalacturonase and pectin esterase with ripening of mango fruit differed between cultivated areas and cultivars. As shown in Table 5 , the polygalacturonase activity increased during maturation, but with ripening the activity decreased. The activity in the stalk portion of each sample was higher than those in the other two portions. The pectin esterase activity was almost the same in the fruit from the three Samples, but was lower in the ripened fruit of Sample III.
Polygalacturonase activities in the three portions from the flesh of ripened fruit were lower than those in the corresponding portions from Sample III, and pectin esterase activity in the ripened fruit was similar to that of Sample III. These results suggested that polygalacturonase does not play a significant role in relation to the marked decreases in firmness or pectin content.
The results obtained in this experiment suggested that the fruit harvested on September 2 had reached suitable maturity. Therefore, the optimum harvest time of 'Chiin Hwang No. 1' mango appears to be approximately 16-17 weeks after flowering, i.e. 80-90% mature, as noted by Ishihata (2000) . Sample numbers and condition of ripening are the same as described in Table 2 . Abbreviations and superscript in the table are the same as in Table 3 . ␣-Amylase activity was expressed as units per 100 g flesh per min. ␤-Amylase activity was expressed as maltose mol released from substrate per 100 g flesh per min. Polygalacturonase activity was defined as galacturonic acid mol freed from substrate per 100 g flesh per min. Pectin esterase activity was defined as mmol of freed carboxyl group from pectin substrate per 100 g flesh per h.
